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ABSTRACT:  
The introduction of trastuzumab into routine clinical practice has had a dramatic effect on the 
outlook for patients with HER2-positive breast cancer. Nevertheless, answers to some long 
unresolved questions about the optimal use of trastuzumab (such as its role in small tumors or low-
risk disease, cardiac safety in the elderly, and treatment duration) have emerged only relatively 
recently. Moreover, with the availability of new highly effective HER2-directed therapies, including 
pertuzumab and trastuzumab-emtansine (T-DM1), the treatment algorithm for HER2-positive breast 
cancer continues to evolve.  
This review provides a summary of the latest evidence providing insight into the management of 
early and advanced HER2-positive breast cancer and delineates future perspectives of study and 
treatment for these patients.  
 
 
KEYWORDS: breast cancer, dual targeting, HER2, lapatinib, neoadjuvant, pertuzumab, 
trastuzumab, trastuzumab-emtansine  
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1. Introduction 
Breast cancer (BC) is the most common cancer and the second leading cause of cancer death in 
women [1]. It is estimated that in 2015, close to 232,000 new cases will be diagnosed and over 
40,000 women will die from the disease in the USA [1]. Data suggest that in most Western 
European countries, life expectancy for patients with BC is increasing [2,3], mainly as a result of 
improved mammographic screening and adjuvant treatment [4], but also through advances in the 
treatment of metastatic disease [5].  
Overexpression of the membrane tyrosine kinase receptor HER2 in BC cells has long been 
established as a major negative prognostic factor [6,7]. Overexpression occurs in approximately 20–
25% of cases and is detected either as gene amplification (by fluorescence in situ hybridization) or 
as protein expression (by immunohistochemistry) [8,9]. HER2 is a member of the epidermal growth 
factor receptor (EGFR) family, along with HER1 (also known as EGFR), HER3 and HER4. These 
receptors, functioning as homo- or heterodimers, activate multiple cellular pathways such as the 
p44/42 mitogen-activated protein kinase (MAPK) and the phosphatidylinositol-3-kinase (PI3K) 
pathways, and stimulate cell growth, survival and differentiation [10,11]. Unlike other members of 
the family, HER2 is not activated by a specific ligand and is always in an active conformational 
state, ready to interact with other ligand-activated EGFR receptors [12], particularly HER3 [13]. 
The introduction into the clinic of the anti-HER2 humanized monoclonal antibody trastuzumab was 
associated with a considerable improvement in the outcome of patients with HER2-overexpressing 
BC. Clinical studies have shown that in the subgroup of patients with HER2-positive disease, the 
addition of trastuzumab to chemotherapy significantly improves both recurrence-free survival 
(RFS) and overall survival (OS) in the adjuvant setting [14-20], increases the rate of pathologic 
complete response (pCR) in the primary systemic therapy (PST) setting [21,22], and also improves 
OS in the metastatic setting [23,24]. Nevertheless, unanswered questions remain and our 
understanding of the most appropriate use of anti-HER2 therapy across treatment settings and 
biological subtypes is continuing to evolve. In this article, we review the latest scientific evidence 
informing the management of HER2-positive BC and delineate future perspectives of study and 
treatment for this subset of patients. Specifically, in the adjuvant setting we assess available 
evidence on the treatment of elderly patients, women in populations with small/low-risk tumors, 
and subjects at high risk of cardiac toxicity; moreover, we consider the optimal treatment duration. 
We also evaluate data on dual HER2 targeting, combining trastuzumab with other HER2-targeted 
agents in both the early and the metastatic settings.  
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2. Primary systemic HER2-targeted therapy 
 
 2.1 Patient selection and correlation between pCR and long-term outcome 
PST should be considered a standard approach in the routine management of operable BC based on 
the identical disease-free survival (DFS) and OS outcomes compared with adjuvant therapy 
demonstrated in several randomized clinical trials and a meta-analysis [25]. Generally, any patient 
who is a candidate for adjuvant systemic chemotherapy can be considered for PST with the 
additional expectation of needing less extensive surgery. The main candidates for PST in the HER2-
positive treatment setting are patients with a high likelihood of achieving a pCR, for example, those 
with highly proliferative/high-grade tumors. Furthermore, in patients with inoperable or 
inflammatory BC, NST should always be recommended [26,28].  
pCR has been adopted as the primary endpoint for clinical trials of neoadjuvant therapy but to date 
is not uniformly defined. At least four different definitions of pCR have been adopted, taking into 
consideration the absence of residual disease in both breast and axilla or only in breast, and 
permitting or not permitting residual in situ disease in the breast. Both the NSABP B-18 and the 
NSABP B-27 trials reported that patients achieving a pCR after neoadjuvant therapy had better DFS 
and OS than patients with residual disease remaining at surgery [29,30]. However, other trials failed 
to show a predictive role of pCR on outcome [26]. Recently, two meta-analyses have highlighted 
emerging questions in the primary treatment of BC. von Minckwitz and colleagues analyzed pCR 
and its association with long-term outcome in 6,377 patients with primary BC receiving 
neoadjuvant anthracycline- and taxane-based chemotherapy in seven randomized trials [31]. DFS 
was found to be significantly superior in patients with no invasive and no in situ residual disease in 
breast or nodes (ypT0 ypN0) compared with patients with gross invasive residual disease or less 
stringent definitions of pCR (residual ductal carcinoma in situ [DCIS] only, no invasive residual 
disease in the breast but involved nodes, only focal-invasive disease in the breast; ypT0/Tis ypN0). 
The hazard ratio (HR) for DFS in patients with versus without pCR was lowest when the most 
stringent definition of pCR was used (ypT0 ypN0), and increased with broadening of the pCR 
definition. A second meta-analysis, from the Collaborative Trials in Neoadjuvant Breast Cancer 
(CTNeoBC), included 11,955 patients treated in 12 randomized neoadjuvant trials [32]. Results 
indicated that patients who obtain a pCR, defined as either the absence of invasive and in situ 
carcinoma in breast and axilla or only invasive carcinoma in both breast and axilla, have a more 
favorable long-term outcome than those without a pCR (HR for OS = 0.36 with both definitions; 
HR for event-free survival [EFS] = 0.44 with ypT0 ypN0, and HR = 0.48 with ypT0/Tis ypN0) 
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[32]. Thus, in the CTNeoBC analysis the presence or absence of DCIS showed no correlation with 
prognosis. Taken together, both meta-analyses confirmed the correlation between absence of 
invasive carcinoma in both breast and axilla and a favorable outcome. Moreover, they also 
reinforced the importance of a standard stringent definition of pCR across clinical trials and the 
need for different neoadjuvant approaches in different tumor subtypes.  
 2.2 Prediction and predictors of response 
Evaluation of tumor response during PST is important for several reasons. On-treatment tumor 
response may be used as a predictor of pCR or a predictor of long-term outcome. Alternatively, it 
may be used to aid decision-making for surgery or to select patients who may or may not benefit 
from a change of systemic therapy. Assessment of early or mid-course response to PST is relevant 
as it helps in understanding the chemosensitivity of individual tumors and the intrinsic probability 
of a pCR at surgery. Early assessment of tumor response to chemotherapy is crucial in avoiding 
unnecessary toxicity in patients who are unlikely to benefit from further treatment [33].  
Neoadjuvant chemotherapy response is usually assessed by monitoring changes in tumor size using 
clinical examination, mammography, and/or ultrasound [34]. In the clinical trial setting, magnetic 
resonance imaging (MRI) and positron emission tomography-computed tomography (PET/CT) scan 
have been recently implemented. Literature data show that dynamic contrast-enhanced (DCE) 
magnetic resonance imaging (MRI) was consistently performed after 1-2 cycles of PST and 
compared to a pre-PST baseline scan, in the vast majority of the studies. Based on descriptive 
presentation of the results, sensitivity/specificity pairs for prediction of pathologic response were 
lower in studies measuring reductions in uni- or bidimensional tumor size, but it can be increased 
by three-dimensional volume measurement, quantitative dynamic contrast measurements (volume 
transfer constant [Ktrans], exchange rate constant [k(ep)], and early contrast uptake [ECU]) [35]. 
The use of PET/CT is based on the idea that, during PST, changing in metabolic activity can predict 
the final response after the first cycles of chemotherapy [36,37]. A recent study enrolling 57 women 
with HER2-positive BC, treated with trastuzumab plus taxane-based PST, showed that a Maximum 
Standardized Uptake Value (SUVmax) ≤ 2.0 after the first cycle of chemotherapy was the strongest 
predictor of pCR; in multivariate analysis, tumor SUVmax ≤ 2.0 predicted pCR with an Odds Ratio 
(OR) of 14.3 (p = 0.004), with both negative and positive predictive values of 76% [38]. 
Accordingly, the AVATAXHER trial confirmed that early PET/CT assessment may help to identify 
non-responders to PST with docetaxel plus trastuzumab therapy [39]. In this study, PET/CT was 
performed after two cycles of docetaxel plus trastuzumab and the change in SUVmax was used to 
predict pCR: patients who were predicted to be responders on PET continued to receive standard 
therapy; non-responders were randomly assigned to receive four cycles of docetaxel and 
7 
 
trastuzumab plus bevacizumab (group A) or continue on docetaxel plus trastuzumab alone (group 
B). pCR were documented in 53.6% of the PET responders, 43.8% of those in group A, and 24.0% 
of those in group B.  
There have also been efforts to identify clinical features, such as body mass index and age role 
[40,41], and biological markers that predict response or likelihood of pCR at surgery in patients 
receiving PST [40]. Currently, a lower response rate to PST is typical of invasive lobular 
carcinomas (6.2% of pCR in invasive lobular carcinoma versus 17.4% in invasive ductal carcinoma, 
p < 0.001) [42]. By contrary, the most important predictive markers for response to taxane- and 
anthracycline-based PST are a high proliferation index and negative hormone receptor (HoR)-status 
[43,44], and HER2 signaling is associated with high rates of response and pCR with neoadjuvant 
trastuzumab-containing regimens [21,45]. Thus current evidence suggests that multiple biological 
markers, rather than a single one, seem to be important in differentiating between a high or low 
probability of clinical response and pCR. In addition, recent gene expression profiling studies 
suggest that the processes and pathways involved in pCR with PST vary between different BC 
subtypes [46].  
 
 2.3 Primary systemic chemotherapy in combination with HER2-trageted agents 
In HER2-positive BC, trastuzumab in combination with primary systemic chemotherapy resulted in 
favorable long-term outcome with minimal late toxicity. In an early MD Anderson Cancer Center 
trial comparing trastuzumab-containing therapy versus chemotherapy alone, the pCR rate was 
doubled (67% versus 25%) with trastuzumab, leading to early termination of the trial (table 1) [21]. 
Additional single-arm phase II studies and the GeparQuattro phase III trial supported the high 
activity of the combination regimen [47-50]. The randomized phase III NOAH trial conducted by 
Gianni and colleagues confirmed the significant pCR and EFS benefit of combining trastuzumab 
with neoadjuvant chemotherapy and continuing adjuvant trastuzumab after surgery in HER2-
positive disease [22]. Furthermore, it showed that combining trastuzumab with anthracycline-based 
chemotherapy is tolerable and is not associated with an increase in cardiac toxicity. At the 2013 
American Society of Clinical Oncology (ASCO) Annual Meeting the updated results have been 
presented. After a median follow-up of 5.4 years, the EFS benefit with trastuzumab was confirmed 
and a strong trend towards improved OS was observed. Cardiac tolerability was good despite 
concurrent administration of trastuzumab with doxorubicin [51]. Accordingly, a more recent study 
showed a 92.9% 4-year RFS in patients who achieved pCR after trastuzumab-based PST versus 
72.4% without pCR. All cases of symptomatic cardiotoxicity have been resolved during follow-up 
[52]. On the basis of the NOAH results, the European Medicines Agency (EMA) extended the 
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approved indication for trastuzumab to include its use in combination with neoadjuvant 
chemotherapy followed by adjuvant trastuzumab monotherapy for locally advanced and 
inflammatory HER2-positive disease or for tumors >2 cm in diameter [53].  
The impressive results observed with trastuzumab in the neoadjuvant setting led to the initiation of 
several trials evaluating new HER2-targeted agents with or without trastuzumab. In the 
GeparQuinto trial, the direct comparison of the monoclonal antibody trastuzumab versus small 
tyrosine-kinase inhibitor lapatinib showed a pCR rate significantly lower with the lapatinib-based 
chemotherapy compared with the trastuzumab-based chemotherapy (table 1) [54]. Consequently, 
the authors concluded that outside clinical trials, lapatinib should not be used as single anti-HER2 
treatment in combination with neoadjuvant chemotherapy. Subsequently, the NSABP B-41 and the 
NeoALTTO trials compared trastuzumab single agent, lapatinib single agent, and the vertical dual 
HER2 blockade by combination of trastuzumab plus lapatinib. The same approach with dual 
vertical HER2 inhibition has been explored in the randomized phase II CHER-LOB trial [55] (table 
1). In these studies the substitution of lapatinib for trastuzumab in combination with chemotherapy 
resulted in similarly high pCR rates  (table 1) [56,57]. Moreover, although the combination of 
trastuzumab and lapatinib plus chemotherapy led to a higher pCR rate compared to antiHER2 single 
agent plus chemotherapy treatment in the NeoALTTO trial (51.3% with combination versus 29.5% 
with single agent; p = 0.0001), it did not reach statistical significance in the NSABP B-41 (pCR 
52.5% with trastuzumab versus 62.0% with combination, p = 0.095). Furthermore, in the long term 
follow-up of the NeoALTTO trial, neither EFS nor OS did differ between the lapatinib and 
trastuzumab groups (EFS: HR 1.06, p = 0.81; OS: HR 0.86, p = 0.65) [58].  
The vertical dual HER2 blockade with trastuzumab plus lapatinib has been also investigated in 
adjuvant setting in the ALTTO trial [59]. It was the largest-ever adjuvant clinical trial in HER2-
positive BC, involving more than 8,000 patients. Disappointingly, despite a statistically significant 
benefit in pCR in the NeoALTTO trial, there were no statistically significant differences in DFS (4-
year DFS rates were 86% with trastuzumab, 88% with concurrent trastuzumab plus lapatinib, and 
87% with trastuzumab followed by lapatinib) and OS (4-years OS rates were 94%, 95%, and 95%, 
respectively) in the ALTTO trial. To note, in the CTNeoBC meta-analysis the EFS HR of achieving 
a pCR versus non-pCR was 0.39, meaning a 61% reduction in the risk of relapse; however, in the 
NeoALTTO study the combination strategy improved the pCR by 20%, this means that 1 out of 5 
patients moved from the non-pCR to the pCR group. This improvement in pCR is probably too 
marginal to be translated into a significant improvement in survival outcomes  [60]. 
Trastuzumab has also been combined in a horizontal blockade strategy with the monoclonal 
antibody pertuzumab. In the NeoSphere trial [61], the combination of trastuzumab, pertuzumab, and 
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docetaxel demonstrated a significantly higher pCR rate than was seen with trastuzumab and 
docetaxel alone (pCR 29.0% with docetaxel plus trastuzumab, 45.8% with docetaxel plus 
trastuzumab and pertuzumab, 16.8% with trastuzumab and pertuzumab alone, and 24.0% with 
docetaxel and pertuzumab), without substantial differences in tolerability (table 1). Moreover, the 
TRYPHAENA randomized trial suggested that combining pertuzumab and trastuzumab with 
standard neoadjuvant chemotherapy posed no cardiac safety concerns and it demonstrated a pCR 
rate higher than 66% with an anthracycline-free regimen (table 1) [62]. These findings justify the 
EMA approval of pertuzumab as primary systemic therapy for HER2-positive early breast cancer 
[63].  
Taking into account the results of all these clinical trials, neoadjuvant treatment should be offered to 
patients with HER2-positive locally advanced or inflammatory BC.  
 
3. Adjuvant HER2-directed therapy  
 
 3.1 Update on cardiac safety and optimal duration of adjuvant therapy 
Notwithstanding the impressive efficacy demonstrated with adjuvant trastuzumab, cardiac toxicity 
remains a significant consideration. Cardiac toxicity may manifest as any of a broad spectrum of 
effects, ranging from an asymptomatic decrease in ejection fraction to symptomatic congestive 
heart failure (CHF) resulting in cardiac death. The lack of a precise and widely accepted definition 
of cardiotoxicity prevents meaningful or appropriate cross-trial comparison of incidences of cardiac 
adverse events in the large randomized trials of adjuvant trastuzumab [15,19,20]. For example, at 8-
year median follow-up, in the HERA trial the incidence of severe CHF was 0.8% in both 
trastuzumab-containing arms and 0.0% in trastuzumab-free arm, and the incidence of left 
ventricular dysfunction was 7.2% with 2 years of adjuvant trastuzumab, 4.1% with 1 year, and 0.9% 
without trastuzumab; more than 80% of patients with confirmed LEVF decrease reached acute 
recovery [64]. Similarly, in the BCIRG 006 trial, the 4-year follow-up results showed a stable 
incidence of CHF compared with the incidences reported at the first analysis (2% in the sequential 
trastuzumab arm and 0.4% in the concomitant trastuzumab arm) [20,65]. To note, a joint analysis of 
data from NCCTG N9831 and NSABP B-31 with 4 years’ follow-up enabled exclusion of a 
significant increase in cardiac events [17].  
In contrast with the knowledge that trastuzumab-induced cardiac toxicity is generally promptly 
reversible, the BCIRG 006 trial revealed that in 33% of cases, a >10% reduction in LVEF persisted 
for at least 4 years. These data highlight the importance of balancing the real efficacy of 
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anthracycline- and trastuzumab- combinations as adjuvant therapy in light of longer-term cardiac 
tolerability.  
Moreover, a recent meta-analysis demonstrated that concomitant administration of anthracyclines 
and trastuzumab was moderately associated with increased risk of cardiac-related adverse events in 
both early BC setting (relative risk [RR] 1.51, 95 % CI 1.10–2.07, p = 0.01) as well as in palliative 
setting (RR 3.92, 95 % CI 2.11–7.27, p < 0.001) [66].  
Standing these concerns, anthracyclines-free strategies have been investigated especially in patients 
treated with curative intent. In a phase III trial, adjuvant cyclophosphamide, methotrexate, 5-
fluorouracil (CMF) regimen sequentially combined with epirubicin has been compared with CMF 
alone in 705 patients with early BC. In HER2-positive disease, no benefits were documented by the 
addiction of epirubicin to CMF [67]. Consistently, a neoadjuvant study showed that 24 weeks of 
neoadjuvant paclitaxel plus trastuzumab could be a reasonable treatment option in HER2-positive 
early BC patients. This anthracyclines-free strategy led to a pCR rate of 50%, without documented 
severe cardiotoxicity. Moreover, in the early 2014, a negative phase III trial showed no differences 
in progression-free survival (PFS) (p = 0.174) and OS (p = 0.083) by the addition of nonpegylated 
liposomal doxorubicin to paclitaxel plus trastuzumab in first-line setting for advanced HER2-
positive BC [68]. Over the last decade, in order to limit the cardiac toxicity, the strategy of 
shortening trastuzumab exposure in the adjuvant setting has been explored. In the FinHer trial 
women received 9 weeks of trastuzumab plus docetaxel or vinorelbine; at the 60-month follow up, 
median LVEF remained stable in the trastuzumab arm compared with a decrease from 66% to 62% 
in the control arm [69]. However, the first results of the PHARE trial suggested a greater benefit 
from the standard 1-year adjuvant trastuzumab when compared with shorter duration. The trial 
demonstrated a higher 2-year DFS rate in patients receiving trastuzumab for 12 months compared 
with those treated for only 6 months (94% versus 91%, respectively; HR 1.28, 95% CI 1.05–1.56) 
and the authors suggested that the DFS results in the subset of patients with estrogen receptor-
positive tumors or receiving concomitant chemotherapy and trastuzumab were inconclusive [70]. 
Further evaluation of shorter trastuzumab durations is ongoing in two European academic trials: the 
Italian Short-HER study is comparing 12 versus 3 months of trastuzumab following traditional 
anthracycline- and taxane-based chemotherapy [71] and the Finnish Synergism Or Long Duration 
(SOLD) trial is comparing concomitant trastuzumab plus docetaxel followed by FEC versus the 
same regimen followed by single-agent trastuzumab for a total trastuzumab duration of 1 year [72]. 
Both trials are still recruiting and the final results are expected in 2015. 
In conclusion, as outlined in a recent Cochrane review [14], the survival benefit gained from 
adjuvant trastuzumab may be partially impaired by cardiac risk. Therefore the decision to 
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administer 12 months of trastuzumab should be considered carefully in women with low-risk BC or 
higher cardiovascular risk.  
 
 3.2 Adjuvant trastuzumab in elderly patients 
At present, there are limited efficacy and safety data supporting the role of adjuvant trastuzumab in 
elderly patients. In the largest trials evaluating adjuvant trastuzumab [15,17,19,20], the study 
populations were significantly younger than those observed in daily clinical practice. For example, 
in the HERA, NSABP B-31, and NCCTG N9831 trials, only 16% of the intent-to-treat population 
was aged ≥60 years [15-17]. In the BCIRG 006 trial, the distribution of the study population by age 
is not specified beyond the fact that 48% of patients were aged ≥50 years, and no subgroup analysis 
according to age was reported [20]. Finally, the FinHer [69] and FNCLCC PACS 04 [70] trials 
excluded patients aged >65 years. The under-representation of elderly patients in such trials 
prevents extrapolation of the results to nearly half of the patients currently encountered in daily 
practice. 
Recently, Brollo and colleagues [73] attempted to analyze DFS and cardiac safety in pooled 
datasets of patients aged ≥60 years treated in the HERA, NSABP B-31, and NCCTG N9831 trials. 
DFS results showed a HR of 0.53 (95% CI, 0.36–0.77) in elderly patients receiving trastuzumab 
compared with chemotherapy alone. Cardiac safety analysis showed a 5% incidence of cardiac 
events (95% CI, 4–7%) in elderly patients receiving trastuzumab. However, rates were not available 
for age-matched control patients. 
A small number of retrospective studies have attempted to assess the activity and safety of 
trastuzumab in elderly patients, but their small sample size significantly limits the applicability of 
the results. Barthelemy and colleagues [74] reviewed medical records of 102 patients aged >70 
years with early-stage HER2-positive BC. Although most patients presented with large tumors (pT 
≥2) and/or lymph node involvement, the retrospective analysis showed that only 63 patients (62%) 
received trastuzumab-based adjuvant therapy. Among these 63 trastuzumab-treated patients, a 
≥10% decrease in LVEF was observed in 29% of patients, and 37% required a delay in 
administration of trastuzumab, most commonly because of cardiac toxicity.  
In a recent Spanish retrospective analysis of 45 trastuzumab-treated patients aged ≥70 years, three 
(12.5%) of the 24 patients with early BC developed asymptomatic cardiotoxicity but none 
developed symptomatic heart failure [75]. The presence of cardiovascular risk factors, such as 
diabetes or a history of cardiac disease, was significantly associated with a higher incidence of 
trastuzumab-related cardiac events. 
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Very recently, data from 2,208 women aged ≥66 years (including almost 600 aged ≥75 years) and 
treated with adjuvant trastuzumab were published [76]. Factors associated with a lower likelihood 
of completing adjuvant trastuzumab therapy were age ≥80 years and a comorbidity score of 2. 
Furthermore, the incidence of significant cardiac events was higher in those who did not complete 
trastuzumab.  
In conclusion, elderly patients with HER2-positive BC appear to derive the same benefit as younger 
patients from the addition of trastuzumab to traditional adjuvant chemotherapy. However, 
considering the lack of robust cardiac safety data generated within prospective trials, elderly 
patients should be carefully assessed for cardiovascular risk and closely monitored during adjuvant 
trastuzumab treatment.  
 
 3.3 Adjuvant trastuzumab in T1a/b N0 tumors.  
Amplification and/or overexpression of HER2 in breast tumors has been reported to be the main 
prognostic factor for OS and BC-related mortality [6,21]. HER2 positivity usually correlates with 
poorly differentiated tumors, high proliferative rate (high ki-67), and lack of estrogen and/or 
progesterone receptor expression. With improvements in screening programs, the incidence of 
breast tumors <1 cm has significantly increased [77]. Within this subset of small node-negative 
cancers, HER2 positivity seems to play a key role in survival and BC-related mortality. Data from a 
series of near 1,000 patients with T1a/b tumors indicated that 5-year RFS was significantly worse in 
HER2-positive tumors than in HER2-negative cancers (77.1% versus 93.7%, respectively; p < 
0.001), patients with HER2-positive tumors had 5.09 times the rate of recurrences compared with 
patients who had HoR-positive tumors (p < 0.0001) [78]. Notably, the poorer prognosis was 
observed irrespective of HoR-status, with worse 5-year RFS in patients with HER2-positive disease 
than in those with either HoR-positive or TNBC [54]. In an old retrospective study by Black and 
colleagues, patients with HER2-positive T1a/b tumors showed a moderate risk of tumor recurrence, 
similar to that in T1c patients [79]. However, in patients with pT1a/b cancer, there were lower 
recurrences in patients receiving chemotherapy (4%) as compared with patients who did not 
received it (17%) [79]. More recently, data reported by Curigliano and colleagues confirmed that 
patients with node-negative HER2-positive T1/b tumors had a worse prognosis than those with 
HER2-negative tumors, particularly in HoR-positive BC [80]. Another study suggested that patients 
with small HER2-positive tumors have a prognosis similar to that of patients with TNBC [81]. In 
the last five years several retrospective studies have been reported focused on this area. In a 
retrospective series on 16,975 consecutive patients with T1a/b HER2-positive disease, 5-year 
invasive distant recurrence-free interval was 99.0% for T1a patients and 97.0% for T1b patients 
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[82]. Another retrospective analysis on 128 patients with node-negative, HER2-positive BC ≤2 cm 
showed a lower DFS and OS in women who did not received adjuvant trastuzumab (3-year follow-
up, DFS 100% with trastuzumab versus 79.2% without trastuzumab; OS 100% versus 92.6%, 
respectively) [83]. Similarly, data from the Memorial Sloan-Kettering Cancer Center suggested a 
significant benefit from trastuzumab in terms of locoregional invasive RFS (98% versus 92% with 
no trastuzumab; p = 0.0137) and invasive DFS (97% versus 82%, respectively; p < 0.0001) in 
patients with HER2-positive node-negative BC with tumors ≤2 cm treated at the [84]. Rodrigues 
and colleagues also reported a significantly reduced risk of recurrence with adjuvant trastuzumab-
based chemotherapy in a retrospective analysis of 276 patients treated with or without trastuzumab 
[85]. An Italian real-world study demonstrated a 3-year RFS and OS significantly lower in patients 
who received adjuvant chemotherapy alone compared with those who received trastuzumab (p < 
0.0001). In multivariate analysis, factors related to relapse were younger age, advanced stage at 
diagnosis, absence of hormonal and of trastuzumab therapy. The benefit derived from the addition 
of trastuzumab was independent of nodal status and hormonal receptors expression [86].  
Unfortunately, the major adjuvant trials on BC excluded patients with T1a/b tumors because of their 
good prognosis and few data are available on treatment options. The nonrandomized Adjuvant 
Paclitaxel and Trastuzumab (APT) prospectively evaluated the beneficial effect of adjuvant 
trastuzumab in small tumors [87]. Women diagnosed with HER2-positive tumors < 3 cm received 
paclitaxel 80 mg/m2 plus trastuzumab 2 mg/kg for 12 weeks, followed by 9 months of trastuzumab 
alone at a dose of 6 mg/kg every 3 weeks. After a median follow-up of 3.6 years, 2.5% patients 
experienced a recurrence or death. Overall 3-year DFS was 98.7%; this included 98% of patients 
with tumors >1 cm and 99.5% of those with tumors ≤ 1 cm. Moreover, DFS rates were 98.5% in 
HoR-positive disease and 99.2% in HoR-negative disease. Two patients developed symptomatic 
congestive heart failure. The investigators concluded that paclitaxel plus trastuzumab could be 
considered a reasonable approach for the majority of patients with stage I HER2-positive BC. 
Similarly, a subgroup analysis of the PHARE trial showed that in very-low risk patients (node 
negative and tumor ≤ 2 cm) the absolute benefit of 1 year adjuvant trastuzumab was small and its 
clinical relevance questionable [88]. These patients experienced an overall 3-year cumulative 
incidence for metastases of only 1.7%; no differences were observed between patients receiving 6 
versus 12 months of trastuzumab.  
On the basis of this combined evidence, National Cancer Comprehensive Network (NCCN) and 
German Arbeitsgemeinschaft Gynakologische Onkologie (AGO) guidelines have recently updated 
treatment recommendations to suggest consideration of trastuzumab-based adjuvant therapy for T1b 
tumors, particularly in patients with HoR-negative disease [89,90]. For T1a node-negative HER2-
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positive tumors, no recommendations are available and clinicians must make treatment decisions on 
a case-by-case basis.  
 
 3.4 Trastuzumab and pregnancy  
The possibility of pregnancy after a diagnosis of malignant disease has become a reality [91,92]. 
The effects of chemotherapy on fetal development are well known but only a few case reports are 
available describing trastuzumab use during pregnancy. Administration of trastuzumab has been 
associated with cases of oligohydramnios and oligohydramnios sequence [92,93], probably due to 
the presence of HER2 protein in the embryonic kidney, which could influence amniotic fluid 
dynamics and fetal renal function. Pulmonary hypoplasia, skeletal abnormalities and neonatal death 
have also been reported in trastuzumab-treated women [93-97]. In 2012, Azim and colleagues 
published data on the effect of trastuzumab on pregnancy outcome in women treated in the HERA 
trial [95]. Patients were divided into three groups on the basis of their exposure to trastuzumab: 
pregnancy during or up to 3 months after trastuzumab exposure; pregnancy >3 months after 
stopping trastuzumab; and pregnancy in patients who did not receive trastuzumab. If patients 
became pregnant during treatment and continued their pregnancy, trastuzumab treatment was 
stopped. No congenital anomalies were reported in fetuses exposed to trastuzumab in utero and 
trastuzumab did not affect fetal outcome. The only difference between the groups was a higher rate 
of spontaneous abortion in women having pregnancy during after stopping trastuzumab compared 
with the general population.  
A recent systematic review including 17 studies synthesized available data on the safety of 
trastuzumab during pregnancy [98]. Notably, in 55.6% of cases, trastuzumab was administered in 
the metastatic setting. Occurrence of oligohydramnios was the most common adverse event; it 
accounts for 73.3% of pregnancies exposed to trastuzumab during the last two trimester. 
Trastuzumab also increased the risk of early delivery, the mean gestational age at delivery was 33.8 
weeks, and the mean weight of babies at delivery was 2,261 gr. In 52.6 % of cases, a healthy 
neonate was born, but all children exposed to trastuzumab in utero exclusively in the first trimester 
were completely healthy at birth.  
A new US registry (MotHER) has been established as a prospective, observational study of women 
with HER2-positive BC who were treated with trastuzumab with or without pertuzumab during 
pregnancy or within six months before conception [99]. The primary objective of this study is to 
describe adverse pregnancy complications, fetal outcomes, and birth defects. Nevertheless, in the 
absence of robust evidence on pregnancy in trastuzumab-exposed women, women of childbearing 
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potential should be counseled to use effective contraception during treatment and for at least seven 
months after treatment has completed. 
 
4. HER2-directed therapy for metastatic BC  
In the setting of BC relapse, treatment decisions are typically based on assessment of HER2 and 
HoR status. However, several studies have demonstrated a discordance in terms of HER2 and HoR 
expression between primary BC and metastatic sites [100]. A recent analysis demonstrated a 
discordance rate of 6.8% in HER2 status between primary BC and paired metastatic lesions, mainly 
from positive to negative status (16.0% from positive to negative versus 4.6% from negative to 
positive) [101]. A change in HER2 status was associated with a worse prognosis; the HER2-loss 
patients showed both worse OS (p < 0.001) and post-recurrence survival (p < 0.001) when 
compared with the concordant-positive cases. Conversely, no significant association of HER2 gain 
with prognosis was observed. 
Considering that HER2-positivity has shown mixed prognostic and predictive values, concern 
regarding HER2-status discordance may lead to the need of re-biopsying metastatic disease; 
especially because the landscape of HER2-positive metastatic BC treatment is evolving rapidly.  
In the past decade, first-line trastuzumab combined with a taxane (paclitaxel or docetaxel) or 
vinorelbine has been considered the most active and effective treatment choice for HER2-positive 
metastatic BC, with response rates of 50–60% and median time to progression (TTP) ranging from 
7 to 15 months [23–25]. After disease progression on first-line trastuzumab-based therapy, 
continued HER2 blockade with lapatinib plus capecitabine [102,103] or trastuzumab plus 
capecitabine [104] has been considered a standard in clinical practice. 
In post-menopausal, chemotherapy-free therapeutic options have been successfully explored in the 
management of first-line HER2-positive and HoR-positive metastatic BC with highly endocrine-
sensitive non-life-threatening and/or slowly progressive disease. A chemotherapy-free first-line 
regimen of trastuzumab plus anastrozole demonstrated a significant improvement in PFS (median 5 
versus 2 months, respectively) and response rate (20% versus 7%, respectively) compared with 
anastrozole alone [105]. Similar results have been obtained with lapatinib plus letrozole (median 
PFS 8 versus 3 months, respectively; p = 0.019; clinical benefit rate 48% versus 29%, respectively; 
p = 0.003) [106]. In both randomized trials, patients had not previously received trastuzumab.  
Starting from 2012, a paradigm shift was observed in the management of HER2-positive metastatic 
BC following release of results from the CLEOPATRA [107], the EMILIA [108], the TH3RESA 
[109], and the MARIANNE [110]  trials (figure 1).  
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The double-blind placebo-controlled phase III CLEOPATRA trial compared the combination of 
trastuzumab and docetaxel plus pertuzumab or placebo as first-line treatment in 808 patients with 
HER2-positive metastatic BC [107]. At the first analysis, the addition of pertuzumab significantly 
improved PFS (18.5 months with pertuzumab-containing therapy versus 12.4 months in the control 
arm, HR 0.62, 95% CI 0.51,0.75; p < 0.001). The response rate was 80% versus 69%, respectively 
(p=0.001), and a strong trend towards an OS improvement was shown with the combination of 
pertuzumab, trastuzumab and docetaxel. Lately, after a median follow-up of 50 months, the final 
analysis showed an unprecedented 16 months improvement in OS (56.5 months in the pertuzumab 
arm versus 40.8 months in the placebo arm, HR= 0.68; p = 0.0002) [111]. The main criticism of the 
trial was that only a minority of patients had previously received trastuzumab (11% of patients) or a 
taxane (23% of patients) in the (neo)adjuvant setting, which was perceived as unrepresentative of 
everyday clinical practice. Moreover, patients had to have a disease-free interval of at least 12 
months after completion of (neo)adjuvant therapy. However, subgroup analyses suggested a similar 
benefit from pertuzumab-containing therapy irrespective of prior (neo)adjuvant chemotherapy (HR 
0.61 in patients who had received (neo)adjuvant chemotherapy versus 0.63 in those who had not). 
With respect to safety, pertuzumab did not add to trastuzumab cardiotoxicity. 
The phase III EMILIA trial compared the antibody drug conjugate trastuzumab-emtansine (T-DM1) 
with lapatinib plus capecitabine in 991 patients with HER2-positive metastatic BC who had 
previously been treated with a taxane and trastuzumab [108]. T-DM1 was associated with 
significantly improved PFS (9.6 months with T-DM1 versus 6.4 months with lapatinib plus 
capecitabine; HR 0.65, 95% CI 0.55-0.77, p < 0.001), OS (30.9 versus 25.1 months, respectively; 
HR 0.68, 95% CI 0.55-0.85, p<0.001), and response rate (44% versus 31%, respectively; p<0.001). 
Of note, the benefit of T-DM1 was observed irrespective of treatment line and even in patients 
whose disease progressed less than 6 months after completing (neo)adjuvant trastuzumab. 
Furthermore, the incidence of grade 3/4 adverse events was lower with T-DM1 than with lapatinib 
plus capecitabine (41% versus 57%, respectively). 
The phase III TH3RESA trial randomized 602 patients with progressive disease after two or more 
HER2-targeted regimens metastatic HER2-positive BC to receive T-DM1 or physician's choice 
therapy [109]. As like as for the EMILIA trail, median PFS was significantly improved with T-
DM1 compared with physician's choice (6.2 months versus 3.3 months, HR 0.528, p < 0.0001). 
Interim OS analysis showed a trend favoring T-DM1 (HR 0.552, 95% CI 0.369-0.826, p = 0.0034), 
but the stopping boundary was not crossed. Moreover, a lower incidence of grade 3-4 adverse 
events was reported with T-DM1 than with physician's choice (32% versus 43%, respectively). The 
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Authors concluded that T-DM1 should be considered as a standard for patients with HER2-positive 
metastatic BC who have previously failed trastuzumab and lapatinib. 
The phase III MARIANNE randomly assigned 1,095 patients with metastatic HER2-positive BC to 
receive T-DM1 plus pertuzumab, T-DM1 plus placebo, or taxanes plus trastuzumab [110]. Quite 
unexpectedly, both T-DM1–containing regimens did not show superiority over control arm. The 
median PFS was 15.2 months with T-DM1 plus pertuzumab arm (HR 0.87, 95% CI 0.69-1.08, p = 
0.14), 14.1 months with T-DM1 alone (HR 0.91, 95% CI 0.73-1.13, p = 0.31) compared with 13.7 
months with taxanes plus trastuzumab. However, the median duration of response was 21.2 months 
with T-DM1 plus pertuzumab, 20.7 months with T-DM1 alone, and 12.5 months with standard 
treatment. 
As the efficacy of these first- and second-line therapies in HER2-positive metastatic BC is 
substantial, oncologists now encounter new clinical challenges in managing patients whose disease 
progresses after two lines of HER2-targeted therapy. Currently, prospective data are sparse in this 
setting: in the EGF104900 trial [112], the combination of lapatinib plus trastuzumab demonstrated 
improved OS compared with lapatinib alone in patients with heavily pretreated disease (median 
three prior lines of trastuzumab). The HR for OS was 0.74 (95% CI 0.57-0.97; p=0.026) and the 1-
year OS rate was 56% with the combination versus 41% with lapatinib alone). An exploratory 
analysis showed that combining the two anti-HER2 agents was particularly effective in subgroups 
of patients with HoR-negative tumors or treated with fewer than four prior lines of trastuzumab. 
However, in Europe, the combination of lapatinib plus trastuzumab is not approved and the current 
practice in patients whose disease progresses on trastuzumab plus a taxane or on lapatinib plus 
capecitabine is to rechallenge with trastuzumab combined with an alternative chemotherapy, even 
though the evidence supporting this approach is derived only from retrospective studies [113]. 
The perhaps surprisingly high proportion of patients (53%) with an initial diagnosis of stage IV 
disease in the CLEOPATRA trial [107] raises another important question in the management of 
metastatic BC. Anthracyclines, to which HER2-positive BC is well-known to be highly sensitive, 
are usually administered in the adjuvant setting. However, as patients with de-novo metastatic BC 
have received no previous (neo)adjuvant chemotherapy, first-line anthracycline-containing 
treatment may be an option. However, the role of these agents in newly diagnosed stage IV BC is 
not precisely known. In a retrospective series of 450 patients treated with trastuzumab-based 
therapies between 1999 and 2008 [114], only 40 (21%) of 190 eligible patients received an 
anthracycline after trastuzumab in the metastatic setting. 
The estimated improvement in 5-year OS with the addition of trastuzumab to first-line 
chemotherapy is 10.2% (from 13.2% to 23.4%) [115]. The current practice of continuing 
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trastuzumab until progression in responding patients is based on protocols of pivotal trials, and 
long-term trastuzumab treatment does not appear to be associated with an excess in cardiac toxicity 
[115]. A retrospective analysis of data from two institutions with differing approaches to 
trastuzumab duration in patients achieving a complete response showed a higher rate of durable 
complete response in patients continuing trastuzumab for 5 years compared with only 2 years (11% 
versus 6%, respectively), particularly in patients with HoR-negative tumors and liver metastases 
[116]. No late cardiac toxicity was reported, although the small number of patients precludes any 
definitive conclusion about the cardiac safety of trastuzumab administered for such a long duration 
in an unselected population. 
Recently, the role of mTOR inhibition in HER2-positive BC has been evaluated in two large phase 
III trials. The first study, named BOLERO-3, randomized 569 women with HER2-positive, 
trastuzumab-resistant, metastatic BC who had previously treated with taxane therapy to receive 
vinorelbine plus trastuzumab with or without everolimus [117]. After a follow-up of 20.2 months, 
median PFS was 7.00 months with the addition of everolimus and 5.78 months with placebo (HR 
0.78, 95% CI 0.65-0.95, p = 0.0067). The most common grade 3-4 adverse events were 
hematological toxicity followed by stomatitis and fatigue. Two on-treatment deaths due to adverse 
events occurred in each group. Later, the BOLERO-1 trial randomly assigned 719 patients who had 
not received previous trastuzumab or chemotherapy for advanced BC to receive trastuzumab plus 
paclitaxel with or without everolimus [118]. In contrast with the BOLERO-3, no differences in PFS 
were observed with the addition of everolimus to first-line paclitaxel plus trastuzumab therapy (p = 
0.1166). Moreover, on-treatment adverse event-related deaths were reported in 4% of patients in the 
experimental arm and none in the standard arm. 
To summarize, following the remarkable results of recent first- and second-line trials in HER2-
positive metastatic BC, the optimal treatment algorithm has been revisited (Figure 1). At the third 
disease progression in a patient still fit enough for active treatment, enrollment in a clinical trial is 
warranted; alternatively, rechallenge with trastuzumab combined with a non-cross-resistant 
chemotherapy or with single-agent anthracycline therapy may be considered.  
 
5. Future perspectives  
Continued attempts to optimize our use of HER2-directed therapies have led to improved 
understanding of trastuzumab and newer anti-HER2 agents. For patients with T1b tumors, NCCN 
and AGO guidelines now recommend trastuzumab-based adjuvant chemotherapy, although the 
optimal adjuvant strategy for T1a tumors remains less clear-cut and patients should be made aware 
of the risk of recurrence, the availability of HER2-directed therapy, and the possible side effects 
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during treatment decision making. The OS benefit with adjuvant trastuzumab should be balanced 
with the cardiac risk, particularly in patients with low-risk BC [14]. Similarly, the balance of safety 
and efficacy should be kept in mind when considering treatment options in elderly patients, in 
whom the presence of other cardiovascular risk factors correlates with a higher incidence of 
trastuzumab-related cardiac events [75]. Serum cardiac biomarkers, including troponins and 
natriuretic peptides, represent possible tools to detect cardiotoxicity at a preclinical level, and may 
represent an important means of selecting treatment to avoid cardiac side effects [119]. Ongoing 
studies continue to explore the possibility of shorter adjuvant trastuzumab exposure that may be 
associated with an improved cardiac safety profile. 
The present challenge is to improve these results while maintaining low toxicity and financial 
burdens. Refining the ASCO/CAP criteria for HER2 positivity and improving the accuracy of 
HER2 testing to avoid exclusion from trastuzumab treatment [120], identifying  the most 
appropriate duration of adjuvant trastuzumab, and introducing more selective tumor targeting with 
antibody–drug conjugates are very important achievements in recent research. The goal of 
overcoming treatment resistance remains a high priority. Several mechanisms of resistance to 
trastuzumab have been identified, including increased MUC4 expression [121], presence of a 
truncated form of HER2 receptor [122], activation of the PI3K-AKT pathway through loss of PTEN 
or PIK3CA mutation [123], increased signalling through HER2/HER3 heterodimerization [13], and 
activation of hormonal receptor signalling [124]. Targeting the pathways involved in trastuzumab 
resistance is a novel avenue of clinical research and new biological agents are expected to improve 
the outcome of patients with HER2-positive tumors. 
The benefit of dual HER2 targeting in primary therapy has been demonstrated in the NeoALTTO 
and CHER-LOB trials evaluating the combination of trastuzumab and lapatinib [55,58] and the 
NeoSphere trial evaluating trastuzumab and pertuzumab combined with docetaxel [61]. Similarly, 
in the metastatic setting, dual HER2 blockade with pertuzumab and trastuzumab plus docetaxel 
significantly improved PFS in the CLEOPATRA phase III trial with no increase in cardiac toxic 
effects [107]. In the phase III EMILIA trial, T-DM1 was significantly more effective and better 
tolerated than capecitabine plus lapatinib in taxane- and trastuzumab-pretreated metastatic BC 
[108]. Moreover, other antibody-conjugated drugs have been recently developed. The on-going 
phase II HERMIONE trial randomizes anthracycline naïve, trastuzumab-, pertuzumab- and T-DM1-
pretreated HER2-positive locally advanced BC to receive MM-302, a HER2-targeted liposomal 
doxorubicin, plus trastuzumab or chemotherapy of physician’s choice (vinorelbine, capecitabine, or 
gemcitabine) plus trastuzumab (Clinical trial information: NCT02213744). Recruitment is expected 
to be complete in late 2016.  
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Another interesting on-going phase II trial is exploring the activity of margetuximab, a chimeric 
anti-HER2 monoclonal antibody with an Fc domain engineered which exhibited enhanced antibody 
dependent cell cytotoxicity (ADCC) against HER2-positive BC cells, including trastuzumab-
resistant and HER2-low expressing cells (Clinical trial information: NCT01828021). 
The promising strategy of combining pertuzumab, trastuzumab and chemotherapy is now being 
tested in newly diagnosed HER2-positive early BC in the Adjuvant Pertuzumab and Herceptin in 
Initial Therapy in Breast Cancer (APHINITY) trial (NCT01358877), which has already completed 
accrual.  
In conclusion, the efficacy and safety of novel anti-HER2 agents demonstrated in the metastatic 
setting represents a major advance. Results of trials evaluating these agents in the neoadjuvant and 
adjuvant settings may enable clinicians to improve clinical outcomes and increase rates of cure in 
patients with BC. 
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Figure Legend 
Figure 1. Proposed treatment algorithm from the first to the fourth line of systemic therapy  
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Table 1. Summary of efficacy data from main neoadjuvant clinical trials 
      pCR  
TRIAL  N  ARMS  N % p-value  ADDITIONAL OUTCOMES 
NOAH [22,115] 
 
235 
 CT alone  23 19.5 
0.001 
 
EFS HR 0.64,  p = 0.0016; OS HR 0.66, p = 0.055 
  CT + H  45 38.5  
GeparQuinto [54] 
 
620 
 ECH-TH  93 30.3 
0.04 
 
 
  ECL-TL  70 22.7  
NSABP B-41 [55] 
 
529 
 AC-PwH  93 52.5 
0.095 
 
   AC-PwL  91 53.2  
  AC-PwHL  106 62.0  
NeoALTTO [56,57] 
 
455 
 PwH*  44 29.5    
  PwL  38 24.7 0.34  3-year DFS  HR 1.06, p = 0.81; 3-year OS HR 0.86, p = 0.65 
  PwHL  78 51.3 0.0001  3-year DFS  HR 0.78, p = 0.33; 3-year OS HR 0.62, p = 0.19 
CHER-LOB [58]  121  
PwH-FECH 
 
9 25.0 
0.019 
  
PwL-FECL 10 26.3   
PwHL-FECHL 21 46.7   
NeoSphere [59]    
HD*  31 29.0 
0.0141 
  
PHD  49 45.8   
PH  18 16.8    
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PD  23 24.0   
TRYPHAENA [60]  225  
FECHP-DHP  45 61.6 
NR   FEC-DHP  43 57.3 
DCarbHP  51 66.2 
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